We selected complete samples of late-type dwarf galaxies in the Virgo cluster with HI information. The galaxies were observed at the Wise-Observatory using several broad-band and Hα bandpasses. UV measurements were carried out with the IUE Observatory from VILSPA, and use was made of images from the FAUST shuttle-borne UV telescope.
Introduction
The process of star formation is probably the most fundamental process in galactic evolution, and it has various implications on global, as well as local phenomena. In all galaxies, the star formation is initiated by the gravitational collapse of gas clouds, followed by fragmentation into future individual stars. When stars enter the main sequence, the radiation pressure and stellar winds push on the ambient gas and prevent it from further collapsing. Eventually, only a small fraction of the cloud mass is converted into stars.
The star formation process is characterized by two main parameters: the initial mass function (IMF) and the total star formation rate (SFR). First introduced by Salpeter in 1955, the IMF is usually described as a power law in the range of 2-2.5, while the original value proposed by Salpeter is 2.35. Other characteristics of the IMF are the low and high mass limits, usually taken as 0.1M ⊙ and 60-120M ⊙ .
As for the SFR, its time dependence varies dramatically between different galactic types (e.g., Tutukov 1984, Kennicutt et al. 1994) . In early type galaxies, the star formation usually decays smoothly with time. In late-type galaxies, on the other hand, the star formation is generally more intense, and the SFR is subject to significant changes within short timescales. Some galaxies experience bursts of star formation in which the SFR may be higher by more than an order of magnitude than during their quiescent epochs.
Despite extensive progress in understanding the star formation process, there are several issues still not fully understood, due to the complexity of this process. One can summarize the currently open issues, concerning the star formation processes in galaxies, in two major questions: (1) What are the mechanisms that govern the star formation process, and how do they depend on the galactic type and environment? (2) How do the SFR and IMF depend on various galactic properties, such as interstellar gas density, morphology of the interstellar gas, metallicity, and the amount of dust in the interstellar medium.
A simplified assumption is that the SFR depends directly on the density of the interstellar gas (Schmidt law: Schmidt 1959) . Actually, the observable quantity is the gas surface density. Testing this parameter against the SFR in normal galaxies indicates that there is a threshold gas surface density, below which no star formation takes place (Kennicutt 1989) . The value of this threshold surface density varies from galaxy to galaxy, thus it is not a global parameter, though it is believed to be of order a few times 10 20 atoms/cm 2 . In order to find the SFR in a sample of galaxies, one needs to know the IMF that describes the star formation in these galaxies. The IMF can be found by fitting a number of observed properties, such as broad-band colors, to a set of models of different stellar populations, with different IMFs (population synthesis). By comparing the various color indices to the synthetic colors calculated from models one can, in principle, determine the IMF of the galaxies in the sample. This requires a database spanning as large a range in wavelengths as possible to eliminate the degeneracy of results in several conditions, namely, to be able to distinguish between different conditions that yield the same value for one or more colors. It is important that one of the measured bands is in the UV regime, in order to trace the massive stars which contribute most of the energy emitted in this part of the spectrum.
The few observational methods for measuring the SFR make use of the direct or indirect contribution of massive stars to the observed properties of the galaxies. The most direct observational trace of massive stars (in galaxies in which individual stars cannot be resolved and investigated) is their UV emission. The more massive the star, the more intense its UV radiation and the shorter the wavelength of its peak emission.
The major disadvantage of this method is the heavy extinction by dust in the UV. This is very difficult to estimate, mainly because the spatial distribution of dust in a galaxy affects its apparent optical depth as derived from the optical domain. Any estimate of the extinction in the UV using optical extinction and a standard extinction law may lead to large errors due to this effect. One may use the far IR emission from the dust to measure the UV flux responsible for its heating, but again, due to differences in spatial dust distribution and in dust properties the result will be inaccurate.
It should be noted that the UV radiation discussed here is at longer wavelengths than the Lyman break (912Å). This is because ionizing photons are immediately absorbed by the interstellar gas and cannot be observed directly or through their influence on the surrounding dust. The absorption of the Lyman continuum (LyC) photons by hydrogen gives rise to a number of phenomena, which can be used to measure indirectly the number of Lyc photons emitted by the newly formed stars, and hence to determine the current high mass (M>10-15 M ⊙ ) SFR. As explained above, this implies that we can trace the very massive stars but our result would suffer from errors induced by the uncertainties in the IMF.
The Lyc photons ionize hydrogen gas, producing essentially one free electron per each Lyc photon (Case B recombination theory). The intensity of these lines can be calculated using a Case B recombination model (Osterbrock 1989) . The Balmer lines' intensity scales directly with the Lyc flux and, in general, it depends weakly also on the gas temperature and density. Another difficulty arises from the assumption of Case B. It is believed that the majority of the Lyc photons are absorbed by the hydrogen, but some may be lost to dust or may escape from the HII region. This effect is believed to be small, and will be discussed later. In general, the determination of the SFR using hydrogen line intensities is robust.
One of the most common methods, adopted also here, makes use of the Hα line. The Hα line has been used by many (Kennicutt 1983 , Kennicutt and Kent 1983 , Gallagher, Hunter and Tutukov 1984 , Pogge and Eskridge 1987 , Kennicutt et al. 1994 , mainly due to its high intensity. A few percent of the total ionizing flux are reemitted as Hα (Kennicutt 1989) , so it is a convenient tool to trace the star formation properties of galaxies.
The main deficiency of using the Hα line is the dust extinction. This is moderate in late-type irregular galaxies, usually some 0.2-0.4 mag, and is much stronger in large spiral galaxies, where it may reach 3 magnitudes or more (van der Hulst et al. 1988) . The effect should be taken into account when interpreting the Hα data to derive the SFR in galaxies.
The sample
When selecting a sample of galaxies for the investigation of star formation, one should try to simplify the theoretical situation as much as possible. In our view, this can be accomplished by selecting a sample of galaxies of similar type, in which the star formation parameters should basically be the same. In order to eliminate uncertainties due to neighborhood influence on star formation, it is best to select the sample from a well-defined environment.
In addition, our aim is to isolate some of the star formation mechanisms, described above. Small objects, such as dwarf galaxies do not show spiral structure or a rotating disk. Therefore they make good candidates for our research. It is interesting, thus, to investigate a sample of dwarf galaxies in which star formation is especially vigorous.
We constructed a sample of late-type dwarf galaxies, all in the Virgo cluster area. This is a nearby region, thus the galaxies appear reasonably bright, and at a high Galactic latitude (63
• ) where the Galactic extinction is very small. In addition, as the galaxies are members of a rich cluster, the sample enables testing for the effect of cluster environment on the star formation properties of these galaxies. Binggeli, Sandage and Tammann (1985, BST) cataloged more than 2000 dwarf galaxies in the Virgo cluster. Most objects are dwarf ellipticals, but a few hundred are late-type dwarf galaxies. Hoffman et al. (1987) and Hoffman et al. (1989) studied all late-type dwarfs in the BST sample with the Arecibo radio telescope and produced single-beam HI flux integrals and shapes of the 21 cm line. Our sample of late-type dwarfs was extracted from their list of objects with HI measurements.
In order to test the influence of hydrogen content on the star formation in the sample galaxies, we selected two subsamples dichotomized by their total HI content. In addition, to test the dependence of star formation properties on the galactic type, we separated between high surface brightness (BCD and ImIII/BCD) and low surface brightness galaxies (ImIII-ImV). We, therefore, constructed four subsamples of latetype dwarfs from the BST catalog (hereafter Virgo Cluster Catalog -VCC).
The selections criteria for the four subsamples were chosen in order to have similar numbers of objects in each group, and are characterized as follows:
The selection criteria are schematically displayed in Figure 1 , and the sample galaxies, extracted from the VCC using these criteria, are presented in Table 1 . The mass of the neutral hydrogen in each galaxy is directly related to its HI flux integral, and will be presented in 3.5. The intention in the dichotomy in both galactic type and HI content is to attempt to discover even weak dependence of star formation on these parameters. We expect to find a difference in the observed properties which measure recent and present star formation, such as broad-band colors and Hα line strength, between the low and high surface brightness subsamples. We are aware of the small number of objects in each subsample, a result of the practical aspect of observations.
The spatial distribution of the sample galaxies is displayed in Figure 2 . Low HI galaxies are represented by open circles, and high HI galaxies by filled circles. High HI galaxies are missing from the central region of the cluster, while low HI galaxies appear to be evenly distributed within the cluster. Although our sample is small, it supports the hypothesis of gas stripping off near the cluster core.
Data collection
Our data collection consists mainly of optical observations. In addition, UV observations and published information are used and presented here. The sample of dwarf galaxies, from the VCC, studied here. The major axis D is in arcminutes, and the ratio between the major and minor axes is denoted by R. The HI flux integrals are from Hoffman et al. (1987) and Hoffman et al. (1989) .
All optical observations were carried out at the Wise Observatory in MizpeRamon, Israel. A few of the sample galaxies were observed by NB in spring 1988. During this run the galaxies were imaged using the observatory's RCA-CCD camera. Each galaxy was measured for 10 min. through a standard V filter.
The other observations were carried out from 1991 to 1993. A general log of all the observing runs in the Wise Observatory is given in Table 2 . These observations included three types of measurements: galaxy imaging in broad bands, photometry of reference stars, and galaxy imaging in Hα.
Broad-band imaging
Each galaxy was imaged through B, V, R and I filters with exposure times which varied between 5 and 30 min. The RCA CCD was used in most cases, except for some runs in which the FOSC was used in imaging mode (listed in Table 2 ). For each object a reference star close enough to appear in the galaxy's CCD frame was selected and was imaged together with the galaxy.
Photometry of reference stars
In order to put the flux on an absolute scale, the reference stars imaged with the galaxies were measured with the Two-Channel Photometer of the Wise Observatory. We used only channel 1, with a Hamamatsu RCA C31034A photomultiplier type with a GaAs cathode in a thermoelectrically cooled enclosure.
The reference stars were chosen so that their magnitudes were in the proper range for the photometer: 10-16 mag. Each of the reference stars was measured through B, V, R and I filters together with photometric standard stars from the Landolt equatorial sequences (Landolt 1973 (Landolt , 1992 The photometry of the reference stars requires optimal atmospheric conditions, as only then can the atmospheric extinction be accurately determined. For this reason, these measurements were repeated during several nights in order to obtain more reliable results and test their consistency.
Hα measurements
Most of the sample galaxies were imaged through narrow-band filters to derive their Hα emission. For each galaxy two filters were used: one which contains the Hα line ("Hα filter"), and the other which samples the continuum radiation adjacent to it towards longer wavelengths ("off-Hα").
One of the three Hα filters listed in Table 3 , which differ by their central wavelength, was used to image each galaxy according to its redshift, while the same off-Hα filter was used for all galaxies. The central wavelength and width of these filters were chosen with the following requirements:
1. There is no overlap between the off-Hα and any of the Hα filters, while this bandpass is still close enough to the line for sampling directly the continuum radiation,
2. There are no significant spectral lines in the bandpass of the off-Hα filter, 3. The Hα filters cover the range of velocities of the Virgo cluster (∼ 0 -2500 km/s), while any Hα line emitted within this velocity range falls in one of the filters' bandpass within at least 90% of its peak transmission. As these are interference filters, their transmitted bandpass depends on the incidence angle of the incoming radiation, and the characteristics described above are for zero incidence angle. The observations were carried out, however, with the CCD placed in the focal plane of the f/7 converging beam of the telescope. This means that the rays are incident on the filters with angles varying between 1
• .8 -4
• . In order to check this effect, the filters' response curves were measured at the laboratories of the Applied-Physics Department at Tel-Aviv University using several incidence angles. The results of this measurement showed that the central wavelength of the three Hα filters was shifted by 1.5Å to the blue relative to the nominal normal incidence central wavelength, while the off-Hα was shifted by 3.8Å blueward. These changes are not significant for our measurements, as the Hα line of each galaxy departs from the central wavelength of the appropriate filter by no more than 12Å. This puts the Hα line in an effective transmission of ∼ 88% or more of the peak of the filter, while for most galaxies it is at least ∼ 95%.
For each of the galaxies, at least two 20 min exposures were obtained through each of the two filters. In addition, a spectrophotometric standard star (HZ44) was measured several times each night through different air masses with the same filters, in order to derive the atmospheric extinction and absolute photometric calibration for the Hα images.
UV observations and data
Seven of the sample galaxies were observed with the IUE, two of them in 1986 within the US program EGITT. The other five were observed by EA in 1991 and 1993. The observations took place at the VILSPA tracking station, Spain, and each galaxy was observed for a full VILSPA observing shift, ∼6 hours of integration. In all cases the spectrum was obtained through the IUE large aperture, which is a ∼ 10" × 20" oval, using the short wavelength camera (SWP) -low dispersion setup, which covers the spectral range of 1200-1950Å.
In late March 1992 the ATLAS-I space shuttle mission took place, during which UV observations were carried out with the shuttle-borne telescope FAUST (Fusée Astronomique pour l'Ultraviolet STellaire or FAr Ultraviolet Space Telescope). This UV imaging instrument was developed jointly by the Laboratoire d'Astrophysique Spatiale of the CNES, and the Space Astrophysics Group at Berkeley. The FAUST UV bandpass hasλ ≃ 1650Å with ∆λ ≃ 400Å. During the ATLAS-I mission it imaged a number of ∼ 8
• wide sky areas, among which are three overlapping frames of the Virgo cluster. These FAUST frames were used to obtain UV data for the dwarf galaxies in our sample. Table 4 : UV observations of the sample galaxies and the Virgo cluster.
The UV observations of Virgo dwarf galaxies are listed in Table 4 .
Additional data
A few of the sample galaxies were detected by IRAS and appear in the IRAS point source catalog. The IRAS data consist of flux densities in four infra-red (IR) bands centered at 12 µm, 25 µm, 60 µm and 100 µm. IRAS has scanned the entire celestial sphere, and some areas were scanned several times. It is possible to co-add the various IRAS scans at a given location to obtain a deeper detection or upper flux limit at this location in the sky, for the four IRAS bands. Such co-adding was done by NB for the objects of our sample which do not appear in the IRAS catalog, at the IRAS archives of the Rutherford-Appleton Laboratory, England. For every galaxy of the sample, except for VCC806 and VCC1013 where observations were not possible due to software problems, we have IRAS data, either as absolute fluxes or as upper limits of flux. In addition, some objects are FIR sources in the IRAS Faint Source Catalog. Their flux densities together with the other galaxies data are listed in Table 5 , but without errors. The typical error of the FSC, for faint IRAS sources, is ∼15% of the listed flux density.
As mentioned above, our sample is based on the studies of Hoffman et al. (1987) and Hoffman et al. (1989) with the Arecibo radio telescope. In these publications, each sample galaxy has its HI flux integral 21cm quoted along with the heliocentric velocity v ⊙ and velocity dispersion derived from the HI line width at 20% of peak height -∆V(20%). We calculated the HI mass following the prescription in the Third Reference Catalog of Bright Galaxies (de Vaucouleurs et al. 1991) , as:
where M HI is in M ⊙ , S HI is the HI line flux integral in mJy km/s and D is the distance to the object in Mpc.
In order to derive the HI mass of these galaxies, a common distance is adopted for all objects. A value of 18 Mpc may well represent the average distance of galaxies in the Virgo cluster (e.g., Fouqué et al. 1990) , and is the value adopted here. No more accurate information is available on the distance to the type of galaxies discussed here (such as a Tully-Fisher relation), and in any case, such a relation is usually very dispersed for irregular galaxies and the uncertainties are large. We adopt, therefore, a distance of 18 Mpc and bear in mind that the uncertainty in this distance is up to ∼15%. These values, together with the IRAS data, are given in Table 5 .
Data reduction
All data reduction was performed at the Wise Observatory headquarters at TelAviv University. The CCD images were reduced with the VISTA image-processing software package, described by Pogge et al. 1988 . Photometric data was reduced with the observatory's photometry package.
As an initial step all the CCD frames, narrow and broad-band, were 'zapped' to remove cosmic ray hits and bad pixels. Then, for each run, an averaged BIAS frame was constructed, together with normalized sky flat-field frames for every bandpass. The images of the galaxies were de-biased and flat-fielded using these reference frames. a calculated using a common distance of 18 Mpc Table 5 : IRAS and radio data of the VCC sample galaxies
Broad-band colors

Reference star photometry
The photometer data were reduced with a composite extinction-transformation program. This program computes instrumental magnitudes and colors and fits them by least-squares to the catalog values of the standard stars. The fit is linear in air mass and second-order in colors. The instrumental magnitudes and colors are taken as:
where Am is the air mass, v, (b − v), (v − r) and (r − i) are instrumental values, and V, (B − V ), (V − R) and (R − I) are catalog magnitudes and colors. a 0 , b 0 , c 0 and d 0 are constants which depend on the instrument. a 1 , b 1 , c 1 and d 1 are the atmospheric extinction coefficients in the appropriate bands, while a 3 , b 3 , c 3 and d 3 account for the dependence of the extinction on the stellar color, which originates from the variation of atmospheric extinction across the filters' transmission band. The other coefficients account for possible difference between the standard Johnson-Kron-Cousins B,V,R and I bands (e.g., Landolt 1992) and the instrument effective response (filters + cathode quantum efficiency). As mentioned before, the photometric observations were repeated during several nights for most of the reference stars. Each night was ranked according to the goodness of fit of the standard stars parameters. The results of the different nights were consistent, in almost all cases, within the measurement error, and for each reference star the result from the 'best' night was adopted.
Galactic color indices
The broad-band images of every sample object were merged to produce a final frame with the best S/N available in each band. In some cases, a frame or two were excluded from the reduction due to very low S/N. Their inclusion would not have increased the total S/N ratio but rather lowered it, because of the considerable additional noise introduced in the summed images, in comparison with the low additional signal.
The object's total intensity was measured on each final frame, together with the total intensity of the corresponding reference star. Since the objects are irregularly shaped galaxies, no model fitting to their shape could usually be done. Therefore, an empirical way was adopted, as follows:
A polygonal area, which contains the entire object as determined by visually inspecting the image, is constructed manually upon the displayed image, using the deepest of the four available images of that object. The guideline for setting the polygon border is that the signal-to-noise ratio for each pixel of the object's image falls well below unity, while trying not to include too much of the sky noise. This corresponds to a typical surface brightness of ∼ 27 mag/2" in V, depending on the total exposure time of the image and the sky level.
The total counts within this region are summed-up and the appropriate sky background (the sky value times the number of pixels within the polygon) is subtracted, to yield the net object counts. An example of a galaxy image with the polygon which surrounds it is shown in Figure 3 .
The sky value and σ sky (standard deviation of a single pixel's value from the sky level) were calculated using the SKYALL procedure within VISTA . This procedure adopts the most probable intensity value of the frame as the sky value.
To calculate the error in the net object counts we use standard Poissonian statistics for the number of photons collected by the detector, namely δn = √ n, where δn is the error of the n photons. This corresponds to I counts, where G = n I is the gain Figure 3 : The image of VCC1374, with the surrounding polygon used for measurement.
of the instrument, (15 photons count
). In addition, σ sky contributes to the error in the measured value of I, thus:
where P is the number of pixels within the polygon used for measurement. Note that the readout noise of the instrument is not included in the equation. This is because the σ sky , which is measured empirically, consists of both the photon statistics error of the sky level and the readout noise, and there is no need to a-priori estimate the latter.
The reference star was measured in the same way as the object, only within a D =∼ 20 arcsec circular 'aperture' centered on the star, instead of a polygon. The sky value was measured within a ∼ 90 × 90 pixel box around the star.
Having the magnitudes of the reference star in each band measured photometrically, it is possible to obtain the corresponding magnitudes of the object directly from the CCD frames from the ratio of intensities. Actually, the derived quantities were the V magnitude and the color indices B-V, V-R and R-I. The advantage of this method is that observations of the sample galaxies, which consume large amounts of telescope time, do not require any special observing conditions, since both the object and the reference star appear on the same CCD frame, and the measurement is relative. The assumption here is that scattered clouds, which sometimes affected the observations, can be considered 'gray' attenuators which do not modify the measured color properties. This is justified, considering the size of typical water droplets or ice particles in these clouds, which is significantly larger than the wavelength of observation. Another effect, that may be influencing the results, is the possible difference between the effective response of the CCD+filters observing system and the standard Johnson-Kron-Cousins system. The implications of this effect on the derived color indices of the galaxies are discussed below.
The object V magnitude is given by:
where I o is the object CCD intensity, I s is the reference star CCD intensity, and V phtm is the reference star V mag from the photometric measurement. The error of the derived magnitude is the root-mean-square combination of the individual errors:
where 1.0857 = 2.5 log 10 e, δ o = ∆Io Io and δ s = ∆Is Is are the relative errors of the object and star CCD intensity, and ∆ phtm is the error of the photometric result.
The object color indices and their errors are derived in the same way as the V magnitude, except that intensity ratios between two CCD frames are used, instead of intensities. In a single case (VCC 1468) the I band image had a very intense and nonuniform sky background relative to the low object signal, causing an unreliable R-I result of -0.25. This result is displayed in Table 6 , but is not included in graphic presentations of the results.
In cases when the reference star appeared saturated on the CCD image of the galaxies, and other stars in the field were too faint to be measured by the Wise photometer, use was made of intermediate frames. In these frames, which were obtained with a short exposure time, the primary reference star is not overexposed but the galaxy is underexposed. A second, fainter, star (not overexposed on the long-exposure object frames) was measured on these frames using exactly the same method as for the object. The results are then used (and referred to as "phtm" data) with the object CCD images to yield the object's magnitudes and colors.
In addition to broad-band magnitudes and colors, approximate monochromatic magnitudes at 0.44 µm, 0.55 µm, 0.64 µm and 0.79 µm were obtained from the broad-band data. This was done using the corresponding data for flux densities at the central wavelength of B, V, R and I broad-bands for a normal zero-magnitude star from Bessel (1979) . The flux density for a galaxy at a wavelength that corresponds to a certain band i is given by F g,i = F s,i × 10 −0.4 m g,i , where F s,i is the flux density of the zero-magnitude star and m g,i is the broad-band magnitude of the galaxy at band i. The flux densities are converted to monochromatic magnitudes by: m λ = −2.5 log[F λ (erg/s/cm 2 /Å)] − 21.175. The errors are the same as the corresponding broad-band errors. These monochromatic magnitudes are useful for combination with other spectral ranges, to produce a broad coverage of the spectral energy distribution (SED) of the sample galaxies.
Hα flux measurements
The purpose of observing the galaxies in Hα is to measure the line emission from each galaxy. However, any filter, even centered on a spectral line, admits a significant contribution from the continuum. This is the reason for observing each galaxy through two filters: one centered on the line (Hα filter) and another rejecting emission lines and (presumably) sampling the continuum (off-Hα). The Hα line flux is the difference between the flux contributions sampled by these two filters. The procedure entails the determination of the flux density of the continuum (sampled by the off-Hα filter), scaled to the transmission profile of the Hα filter, and its subtraction from the flux measured by the latter filter. In order to derive the absolute fluxes of the objects, the atmospheric extinction should be compensated. This is done using the results for the spectrophotometric standard star, which was measured through different air masses during the same night of observation. Naturally, this type of reduction uses magnitudes rather than fluxes. Only after the atmospheric extinction is taken care of, can fluxes be derived.
The Hα data consist of at least two frames in the Hα filter and two in the off-Hα filter, for each of the sample galaxies. In contrast to the broad-band data where frames were combined, each frame was reduced to yield a separate monochromatic magnitude for the object.
The frames were shifted to match the broad-band images, and each of the galaxies was measured inside the same polygonal area used for its broad-band image. The method of measurement was basically the same as for the broad-band frames, with the exception that the sky background level was computed several times using different sky 'boxes' around the objects. This was because the signal from the galaxies was very weak in a 50Å narrow band, and slightly different sky values may make a difference in the results. The mean of these results was adopted as the object counts, while the error was usually taken as the largest of the errors of each measurement. The standard deviation of the results was normally smaller than this, but whenever it was larger -it was adopted as the error. In some cases the result was consistent with zero, mostly in the off-Hα band.
As mentioned above, the spectrophotometric standard HZ44 was used for the calibration of the Hα data. This star is a hot white dwarf, devoid of strong Balmer lines, and thus, suitable for our purposes. HZ44 was measured through a 'circular aperture' on each of its frames to yield total counts in the corresponding narrow-band and for each airmass.
Both the object counts and the standard star counts were then converted to instrumental magnitudes by:
where C and ∆C are the counts result and its error. The next stage was to obtain monochromatic magnitudes of the objects in the two narrow bands. The reduction relies on the monochromatic magnitudes of HZ44, taken from Massey et al. (1988) , where the stellar spectrum is convolved with 50Å wide bands, separated by 50Å. In order to obtain the monochromatic magnitudes in the central wavelengths of our narrow-band filters a spline interpolation was performed on the available spectrophotometric data. The following results were obtained for HZ44: m 6562 = 12.20, m 6586 = 12.16, m 6610 = 12.12, m 6700 = 12.16.
The atmospheric extinction was calculated separately for each band and for every night of observation, from the several available images of HZ44. Here the relation between the instrumental magnitude in a certain narrow-band i and the real monochromatic magnitude m i is simply:
Using the constants a 0,i and a 1,i (which may be different every night) the monochromatic magnitudes of the galaxies were computed for the Hα and the off-Hα bands. In this, we assume no change in the atmospheric extinction across the 50Å transmitting band and that the effective central wavelength of the filters does not depend on the object spectrum.
Next, for each object, a mean flux result was calculated for each of the two bands, using the available flux results for this band. The mean was weighted according to the errors of each result (weight=1/σ 2 where σ is the error) and the error is the largest of the error of the mean and the standard deviation from the mean. The total flux obtained through the Hα filter is its flux density times the effective filter width. The shape of the transmission curves of our narrow-band filters indicates that their FWHM represents well their effective width, thus, the FWHM of the filters listed in 3.3 was adopted as their effective width.
To obtain the net Hα line flux, the continuum contribution is subtracted from the total Hα band flux. This radiation is sampled by the off-Hα filter. However, this may not represent the exact amount of continuum radiation at the Hα band, as the continuum flux itself gradually changes with wavelength. This effect is small, but may be significant in the case of Hα faint galaxies. To compensate for this, the rough SED from the broad-band data was considered (its derivation is described in 5.3). The monochromatic magnitudes at 0.55 µm and 0.79 µm, derived from the V and I magnitudes, were linearly interpolated to yield a rough, gradual change across the spectral region between them. This information was used to obtain the expected change in continuum radiation between the two Hα narrow bands. The R band magnitude was not used since it contains the Hα line and may be misleading.
The SEDs of the galaxies are displayed in Figures 5, 6 , and 7. For all the sample galaxies the SED decreases with increasing wavelength, and the relative change of the continuum radiation between the off-Hα and Hα bands is from 0 to 2.5%. For the Hα-bright galaxies, the Hα flux may be as high as twice that of the off-Hα band and clearly the effect of continuum sloping is insignificant, as the accuracy of our measurements is of order of 5%. For Hα-faint galaxies, however, taking this effect into account can change our interpretation for a certain object, from a significant Hα flux to ∼zero Hα flux.
If we denote the expected ratio between the Hα band continuum flux and the off-Hα flux, as derived by the above procedure, by R, the net Hα line flux is given by:
where F Hα and F of f are the flux densities obtained through the two bandpasses, and F W Hα is the FWHM of the Hα filter. The Hα equivalent width is given by:
It should be noted that all the Hα fluxes and equivalent widths derived here are actually Hα + [N II] fluxes and equivalent widths, as the filters used include also the accompanying nitrogen λλ 6548, 6583Å lines. This will be discussed later in more detail.
Using the total flux, the Hα flux per unit solid angle was derived for each galaxy. The angular size of the galaxies was determined by constructing a confining polygon around the galaxy, with its border set to a S/N ∼ 1. The border was set on the deepest image of each object and it corresponds to ∼ 25 mag/2" in B.
UV data reduction and combination with optical data
As mentioned in section 3.4, two types of UV data were collected for the sample galaxies: IUE spectral data and FAUST imaging data. Our aim is to construct a SED for as many galaxies as possible from the sample. For this, a derivation of UV monochromatic magnitudes was performed at Wise Observatory.
IUE data
For the five galaxies observed during 1991 and 1993 the spectra were re-derived from the photometrically corrected IUE images. Reseau marks and 'hot pixels' were interpolated over, to obtain more reliable spectra of the objects. The spectra of all the galaxies were faint and noisy, and no spectral lines were clearly visible. To obtain the continuum flux, the spectra were convolved with a 30Åwide Gaussian, and only the smoothed spectra were considered. This was performed also for the two sample galaxies observed in 1986, where the Uniform Low-Dispersion archive spectra were used.
The smoothed spectra were measured in two 100Å wide 'bandpasses', centered at 1350Å and 1850Å. The error of these measurements was estimated to be between 15% and 20% according to the noise at each band. For two objects (VCC562 and VCC2033) this procedure yields ∼zero flux, and their spectra were not reduced further. A conversion was made from F λ to monochromatic magnitudes according to m λ = −2.5 log[F λ (erg/s/cm 2 /Å)] − 21.175. The error was calculated as in eq. 6. The IUE large aperture is ∼ 10" × 20" in size. Therefore, the spectrum we obtained does not represent the radiation emitted by the entire galaxies, but rather the energy from their bright regions. However, because the galaxies in our sample are small in size, most or all of the radiation comes from a region of that size.
In order to ensure that no bias is present in the results, the optical broad-band images of the galaxies with IUE data were sampled through 'ovals' as similar as possible to the IUE aperture, in size, shape and orientation during the IUE exposure (the orientation of the IUE elongated entrance aperture changes with time, because of the solar angle constraint for the proper illumination of the spacecraft solar panels). The reduction was the same as in 4.1.2, with the exception that the area of sampling was different. Monochromatic magnitudes in the optical were derived for the central regions of these galaxies to produce a meaningful combination with the UV data and a reliable SED of the galaxies.
The above treatment was not performed for VCC324=MRK49, which is too large (∼ 40"). Because of its size, a small change in the location, orientation or size of the artificial oval used for sampling, may lead to great changes of the final result, which, in turn, may lead to an error in the derivation of the SED. Therefore, the UV data for this galaxy was discarded.
FAUST data
As mentioned above, three fields in the Virgo cluster were imaged by the FAUST instrument. Each field is about 8
• in diameter and together they cover most of the cluster. A merged picture of the three images is shown in Figure 4 . The full analysis of the FAUST observations of the Virgo region is the subject of a different paper . Note also that a general catalog of FAUST sources was produced by automatic correlations against existing catalogs .
The FAUST images underwent flat-fielding corrections at Berkeley, to obtain frames in calibrated units of FAUST-counts per second. Each frame was compared to a predicted UV map of the corresponding area of the sky, derived from the SAO catalog (Shemi et al. 1993) , in order to identify the SAO stars in it. These were used to derive the transformation from the image pixel coordinates to celestial coordinates. About 15 stars were used in each frame, and the standard deviation of the calculated VIRGO -FAUST merged image coordinates from the real ones was ≃ 0 ′ .5 (0.45 pixel). The expected location of every sample object was found on the frames using these transformations. At each location 'aperture photometry' was performed in much the same method as for the reference star measurement in 4.1, with the exception that the error calculation did not take the photon-statistics error into account. This is because in this type of frames the sky noise dominates the error of the measurement in comparison with other effects.
Two of the sample galaxies were reliably detected on the FAUST frames: VCC1725 and VCC1791. The aperture photometry was performed at all the expected locations of the sample objects, regardless of whether an object was visible there or not. Thus, for most objects, an upper limit for the UV radiation was derived. Whenever an object was expected to appear in more than one FAUST frame, its location was measured separately on each frame. Results for objects close to the image edges were ignored, due to very low S/N, and a 1σ upper limit was derived whenever the accuracy was worse than 30%. For objects which had more than one acceptable result, the 'best' result was adopted, i.e., the lowest upper limit value.
Unfortunately, the two objects which were detected appeared only on one frame, so no cross check for galaxy fluxes was possible. However, cross checks between the three frames were carried out using other objects which appear in two, or even all three images, yielding good agreement between their different count results: disregarding very bright objects, in which case distortions arise, 90% of the objects have values that differ by less than 1.5σ from each other.
The results were then transformed to approximate monochromatic magnitudes at 1650Å using the calibration from Brosch et al. (1995) :
where m inst and its error are the same as in equation 6. It should be noted that only two galaxies were both measured by IUE and are within the field of view of FAUST. These are VCC562 and VCC2033, which have FAUST UV upper limits consistent with the S/N ≪ 1 in their IUE spectra. Therefore, a cross check between FAUST and IUE results is not available with our galaxies.
Results
Broad-band magnitudes and colors
In general, the V magnitude of the galaxies lies within a range of ∼ 0.6 mag of their listed blue magnitude from the VCC. Caution should be exercised when comparing our results with other published data, since most of the photometric observations of these galaxies were carried out through apertures with various diameters, between 19" and 120" (Hunter and Gallagher 1985 , Gallagher and Hunter 1986 , Gallagher and Hunter 1989 , Drinkwater and Hardy 1991 . Our results are mostly within 2σ of other results, except for the larger galaxies, VCC324=Mrk49, VCC1791, VCC2033 and VCC1179, for which we obtained magnitudes brighter by ∼0.4-1.2 mag than other published data. The first three can be explained by the aperture size used in previous studies, which does not include the entire galactic flux. For VCC1179, however, Gallagher and Hunter (1986) have obtained V=16.13 mag through a 30" aperture, whereas our result is 15.59±0.04. Considering their aperture size, a difference of ∼ 0.25 mag is expected, so the discrepancy is still 0.3 mag for this object.
The broad-band colors of the galaxies were obtained through comparative photometry on CCD images, together with absolute photometry of the reference stars. The reference stars' data are calibrated according to the standard Johnson-Kron-Cousins bands, but the CCD photometry did not take into account the possible difference between the CCD filters and the standard. However, if the CCD+filters observing system has a nonzero color term, it affects the results only through the color difference between the measured galaxy and the reference star on the CCD frames. In other words, if the galaxy is measured to have the same CCD colors as the reference star, then its true colors are the same as the star's, provided that the color term is not drastically large. The color differences between the sample galaxies and the stars were mostly in the range of 0.0 -0.2 mag in all colors. This means that a color term as large as 0.15 will cause an error of up to 0.03 mag in the results, which is the typical error in our data. From a number of observations carried out in 1993, the Wise-Observatory RCA CCD was found to have color terms of up to 0.15 (in B-V, Heller 1993, private communication) . The change in colors due to this effect is, thus, not markedly significant in our case and we conclude that the broad-band results are reliably representing the observed standard color indices of these galaxies. Table 6 : Broad-band magnitudes and color indices of the sample.
Group
The broad-band data of the galaxies are given in Table 6 . These broad-band colors are the observed values, and are not corrected for internal dust extinction (the Galactic extinction is very small in the direction of Virgo). The issue of internal dust extinction will be discussed in a subsequent paper.
Hα fluxes
Out of 25 galaxies with broad-band data 21 were measured in Hα, while the remaining four were too faint to be observed through such narrow bandpasses. The total Hα + [N II] fluxes of these 21 galaxies are as follows: 7 objects were found to have fluxes consistent with zero within 1.5σ, and the others range form 1.7 × 10 −14 to 7 × 10 −13 erg/cm 2 /s with an average of 2.3 × 10 −13 erg/cm 2 /s. The Hα-brightest galaxies (above 2×10 −13 erg/cm 2 /s) are those from the high surface brightness group. Of these, the high HI galaxies subsample seems to dominate. However, this may not be an intrinsic difference, but possibly a selection effect, with the high HI galaxies closer and larger, in general, than the low HI galaxies. These results, together with other data, are given in Table 7 . Considering the Hα + [N II] surface brightness, rather than the total line flux, the two subsamples are not markedly different from each other. The Hα + [N II] surface brightness ranges up to 2.1×10 −15 erg/cm 2 /s/2", with the typical value a few times smaller. Hereafter we refer to Hα + [N II] as 'Hα', both for convenience and, as will be discussed below, since these objects have probably relatively small contributions of nitrogen lines.
As mentioned in 3.3, the filters used have a bandpass of ≃50Åand the Hα lines deviate from the central wavelength by at most 12Å. The Hα lines themselves have a typical width corresponding to a velocity dispersion of ∼ 180 km/s, i.e., ∼ 4Å. The combination of two profiles -the filter and the emission line makes it very difficult to correct the measured flux. We choose, therefore, not to attempt any correction, knowing that the derived fluxes may be subject to a reduction of typically 5 percent due to this effect.
Another correction that cannot be accurately derived without detailed spectroscopic information, is the contribution of the nitrogen lines to the measured Hα line. This is mainly because galaxy lines are shifted differently relative to the peak transmission wavelength of the filters, and the [N II] lines are sampled through different parts of the filters' response curve for every galaxy. As a consequence, the [N II] lines are weighted differently relative to the Hα line for each galaxy. However, neglecting the [N II] contribution will not affect our results significantly. The typical [N II]/Hα ratio is less than 0.10 for dwarf irregulars (e.g., Kennicutt 1983, Gallagher and Hunter 1989) , as in general they have lower metallicities than spirals and lenticulars. This effect is in the opposite direction to the previous one, namely, it increases the flux we assign to the Hα line, while the effect of missalignment of the line with the filter decreases the measured flux. To our estimate, both effects are within the errors of our measurements.
A greater effect on the Hα results is the internal dust extinction. Again, this is different from one galaxy to another, and is more difficult to account for. As in the broad-band section, we stick to the raw data as far as presentation of the results is concerned and consider this effect in a subsequent paper. This applies for both the Hα fluxes and the equivalent widths of the lines. The Hα equivalent widths are also shown in Table 7 
Combined results
The UV monochromatic magnitudes obtained from the IUE observations or from FAUST were combined with the optical monochromatic magnitudes from the Wise Observatory to yield a rough spectral energy distribution of the sample galaxies. No correction for internal extinction was made. Unfortunately, only 6 galaxies were detected in the UV. Nine other galaxies have UV upper limits from FAUST images and nine others have no UV data at all. The galaxies with UV magnitudes are plotted in Figure 5 , the galaxies with upper limits in Figure 6 , and the ones with no UV data in Figure 7 . As expected from the broad-band data, the SEDs of the galaxies display a variety of behaviors. In Figure 5 , three of the galaxies have steep SEDs (two were detected by FAUST and VCC144 was chosen for observation by IUE due to its strong Hα emission), and three have flat SEDs. It should be noted that for galaxies with IUE data only the SED of the inner part of the galaxy is plotted, as explained in 4.3.1. For clarity, not all upper limit arrows are shown.
Discussion
An interesting relation is apparent between the V magnitude and the recession velocity of the galaxies, as derived from the HI line (Figure 8 ). There is a general negative correlation between the two parameters. The point in the upper right corner of the plot is VCC806, a very faint object barely detected in the radio and optical, which may be a background galaxy. If we exclude this point, the correlation coefficient is -0.55. The correlation coefficient between the recession velocity and the V-band fluxes of the galaxies corresponding to their magnitudes is 0.46. This correlation may lead to the following empirical conclusion: if faint galaxies in Virgo are characterized by lower recession velocities, a Malmquist bias will cause the depletion of slowly receding galaxies in the sample. This may explain the observed skewness of the velocity distribution of faint dwarfs in Virgo (Binggeli et al. 1993) . These velocities are shifted, in general, towards higher values, compared with the velocity distribution of other galactic types. We may expect, therefore, that many faint dwarf galaxies which do not yet have velocity data are mostly slowly receding, with velocities in the range of 0-1500 km/s. This may balance the skewness of the velocity distribution of these galaxies.
As for the origin of this correlation, it may arise because of infall of galaxies towards the Virgo cluster core (e.g., Tully and Shaya 1984, Binggeli et al. 1993) . Galaxies which are between us and the core appear brighter and are falling away from the observer to the cluster core, while galaxies behind the core are falling 'toward' us, having a recession velocity lower than that of the core itself (around 1200 km/s). This would produce the effect of negative correlation seen here and, according to this interpretation, the faint Virgo dwarfs lacking velocity data would be those behind the cluster core. It should be noted, however, that this effect, in its simple interpretation, does not match the data perfectly. This is because the range of magnitudes of the sample galaxies, which is correlated to the recession velocity, is roughly 1.5 -3 mag, depends on the intrinsic scatter of absolute magnitudes assumed for the sample. This range corresponds to a difference in distance of a factor of 2 -4 between the near and far galaxies of the sample, which is not likely to be the case in Virgo.
The broad-band B-V colors of the sample galaxies are relatively blue, ranging from ∼ 0.42 to ∼ 0.72. Unlike our previous assumption presented in section 2, no correlation between B-V and the optical surface brightness was found. The scatter in the B-V results indicates that the galaxies do not share the same properties. This is better demonstrated in the color-color diagram of V-R vs. R-I [ Figure 9a ]. In this diagram, the points are further dispersed due to the variation of Hα equivalent widths of the galaxies. The Hα line is included in the broad R band and may change the total R flux of strong-emission-line galaxies. For this reason, the scatter is smaller in the B-V vs. V-I diagram, which is shown in Figure 9b . However, note that in the galaxy with the most intense Hα (VCC144), the contribution of the Hα line to the broad-band R is less than 15%. Another reason for the scatter may be different amounts of internal extinction in each galaxy, which may arbitrarily shift the galaxy on the diagram, albeit in the general direction of the color-color dependence.
In Figures 9a and 9b the galaxies with high HI content are marked by triangles and those with low HI content by squares. High surface brightness galaxies are marked by filled symbols and low surface brightness ones by empty symbols. There are clearly not enough low surface brightness objects for meaningful statistical conclusions, but the high surface brightness group shows a difference between the high HI content (filled triangles) and the low HI content (filled squares). They share the same range of B-V color index but the lower HI group seems to have redder V-R color. The sample should be enlarged before clearer conclusions can be drawn about this effect.
The measured Hα equivalent widths of the galaxies are relatively high, typically ∼50Å, and up to 159Å. Again, the high surface brightness sub-samples have higher Figure 9: Color-color diagrams of the sample galaxies. In (a) the R band increases the dispersion of the objects. In (b) this band is not included and the dispersion is smaller. The galaxies with high HI content are marked by triangles and those with low HI content by squares. High surface brightness galaxies are marked by filled symbols and the low surface brightness ones by empty symbols. A typical error bar is displayed with one of the points in each diagram.
EW [Hα] than others. This implies that a large fraction of the surface of the galaxies is covered by one or more HII regions. Some BCD galaxies are also known as extragalactic HII regions or HII galaxies. This name is very suitable for some of the sample galaxies. In the case of VCC144, where the equivalent width is 159Å, the entire galaxy is one giant HII region. The high Hα flux and EW [Hα] , together with the spatial appearance of the sample galaxies in Hα, namely the fraction of galactic surface covered by HII regions, emphasize the high SFR of some of the galaxies, and the starburst activity that takes place in them. On the other hand, other galaxies in the sample show little or no Hα emission, which indicates their low current star formation activity. There appears to be no correlation between the Hα flux and the HI 21cm line flux.
Conclusion
We presented observations related to star formation properties of a sample of latetype dwarf galaxies. The intention in focusing on dwarf galaxies was to exclude some of the star formation inducing mechanisms, assumed to account for star formation in large galaxies. In addition, we concentrate on Virgo cluster members, in order to test the effects of the cluster environment on the star formation properties of the galaxies.
A data base consisting of a number of broad-band colors and Hα line observations is important for determining the ongoing star formation process, as well as the star formation history of the sample. In a subsequent paper we will show that some of the galaxies show signs of a strong burst of star formation, while others completely lack signs of recent star formation activity.
The observational data are affected primarily by internal dust extinction in the galaxies, which complicates the interpretation of the data. This effect will be discussed in detail in the next paper.
Another interesting finding, concerning the dwarf galaxies in Virgo, is their velocity field. Our results indicate an infall of the galaxies towards the cluster core (see 5.1). We suggest that this explains partly the skewed recession velocity distribution of the dwarf galaxies, in terms of a Malmquist bias.
